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6HYHUDO FURVVLQGXVWU\ WUHQGV FRQFHUQLQJ SURGXFWV DQG
PDUNHWV VWHDGLO\ LQFUHDVH WKH LPSRUWDQFH RI UDPSXS
PDQDJHPHQWHVSHFLDOO\IRUPDQXIDFWXULQJFRPSDQLHV+LJKO\
IUDJPHQWHG FXVWRPHU VHJPHQWV DQG WKH JURZLQJ UHTXHVW IRU
VSHFLDOL]HGSURGXFWV OHDG WRPRUHSURGXFW OLQHV DQG YDULDQWV
%H\RQG WKDW HYHU VKRUWHU SURGXFW OLIH F\FOHV DQG DFFHOHUDWHG
LQQRYDWLRQ WLPHV FDQ EH REVHUYHG DFURVV GLIIHUHQW EUDQFKHV
7KLV LQHYLWDEO\UHVXOWV LQDQ LQFUHDVHRI WKH WRWDOQXPEHUDQG
IUHTXHQF\ RI KLJKO\ FRPSOH[ SURGXFWLRQ UDPSXSV >@ ,Q
DGGLWLRQ WRGD\¶V EXVLQHVV HQYLURQPHQW LV FKDUDFWHUL]HG E\
XQSUHFHGHQWHG GHJUHHV RI YRODWLOLW\ DQG XQFHUWDLQW\ 7KLV
DSSOLHVIRUERWKWKHILQDQFLDODVZHOODVWKHUHDOHFRQRP\DQG
SRVHV IXUWKHU GHPDQGLQJ FKDOOHQJHV WR PDQ\ LQGXVWULDO
FRPSDQLHV>@7KHUHIRUHVXFFHVVIXOFRPSDQLHVQRWRQO\KDYH





DQG XQFHUWDLQW\ RQ D EXVLQHVV OHYHO KDYH EHHQ VFLHQWLILFDOO\
GLVFXVVHG $ QHZ LQWHUSUHWDWLRQ RI WKH DJLOLW\ FRQFHSW RIWHQ
DOVR FDOOHG DJLOLW\ LQ PDQXIDFWXULQJ DJLOH PDQXIDFWXULQJ RU
DJLOHSURGXFWLRQEXLOGVRQHVWDEOLVKHGDSSURDFKHVEXWDLPVWR
H[WHQG WKH YLHZLQJ DUHD DV ZHOO DV WKH VFRSH RI DFWLRQ >@
3DUWLFXODUO\ ZKHQ IRFXVLQJ RQ WKH RSHUDWLRQDO DJLOLW\ RI D
FRPSDQ\ WKH PDQDJHPHQW RI DJLOH SURGXFWLRQ UDPSXSV LV
FRQVLGHUHG WR EH D PDLQ OHYHU IRU DFKLHYLQJ VLJQLILFDQW
LPSURYHPHQWV &XUUHQW DSSURDFKHV LQ WKH ILHOG RI UDPSXS
PDQDJHPHQW PDLQO\ IRFXV RQ FHUWDLQ LQGXVWULHV PRVWO\
DGGUHVVLQJ GLVFUHWH PDQXIDFWXULQJ LQGXVWULHV VXFK DV WKH
DXWRPRWLYH LQGXVWU\ ,Q IDFW VRFDOOHG K\EULG LQGXVWULHV DUH
KDUGO\ FRQVLGHUHG LQ UHOHYDQW OLWHUDWXUH +\EULG LQGXVWULHV LQ
WKLVFRQWH[WFDQEHFKDUDFWHUL]HGE\DQRIWHQKLJKO\LQWHJUDWHG
SURGXFWLRQ URXWH ZKLFK UHTXLUHV FRPSDQLHV WR PDVWHU ERWK
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GHPDQGLQJSURFHVVDVZHOODVPDQXIDFWXULQJWHFKQLTXHV7KLV
OHDGVWRVSHFLILFFKDOOHQJHVLQWKHILHOGRIUDPSXSPDQDJHPHQW










FKDOOHQJHV DUH H[SODLQHG DQG WKH QHFHVVLW\ RIPDNLQJ DJLOLW\
FRQVLGHUDWLRQV LQ RUGHU WR DFKLHYH FRPSHWLWLYH DGYDQWDJH LQ
WRGD\¶VGHPDQGLQJHQYLURQPHQWLVSRLQWHGRXW%DVHGRQWKLV
WKH NH\ DJLOLW\ SULQFLSOHV DUH GLVFXVVHG UHJDUGLQJ WKHLU
DSSOLFDELOLW\LQUDPSXSPDQDJHPHQWDQGIRXUFULWHULDIRUDJLOH
UDPSXSVDUHGHULYHGIURPERWKWKHRUHWLFDOFRQVLGHUDWLRQVDQG








2. Current state of research and practical need 
,Q RUGHU WR HQVXUH D FRPPRQ XQGHUVWDQGLQJ RI UDPSXS
PDQDJHPHQW DQG DJLOLW\ WHUPV WKH IROORZLQJ VHFWLRQ
VXPPDUL]HVVWDWHRIWKHDUWUHVHDUFKIURPDVFLHQWLILFSRLQWRI





GHYHORSPHQW RI D QHZ SURGXFW DQG LWV SURGXFWLRQ DW D
SUHGHILQHGSHUIRUPDQFHOHYHO7KHUHE\WKHSURGXFWLRQRXWSXW
LVJUDGXDOO\ LQFUHDVHGRYHU WLPHDQGJLYHQTXDOLW\ WLPHDQG
FRVW REMHFWLYHV DUH FRQVLGHUHG KLJKHVW SULRULW\ >@ 7KH
LQWHUGLVFLSOLQDU\ILHOGRIUDPSXSPDQDJHPHQWWKXVFRYHUVDOO
PDLQ DFWLYLWLHV UHODWHG WR WKH SODQQLQJ FRQWUROOLQJ DQG
H[HFXWLRQRIDSURGXFWLRQUDPSXSZLWKWKHRYHUDOOJRDOVEHLQJ
KLJKSURGXFWTXDOLW\FRVWFRPSOLDQFHDQGDVWHDG\UHGXFWLRQRI
WKH UHTXLUHG UDPSXS WLPH >@ )LJ  VKRZV WKH W\SLFDO
SURJUHVV RI D UDPSXS FXUYH DQG PDMRU PLOHVWRQHV VWDUWLQJ
ZLWKWKHUHOHDVHIRUGHYHORSPHQWDQGHQGLQJDWWKHSURGXFWLRQ
RIDSUHGHILQHGYROXPH
:KLOH HDUOLHU UHVHDUFK PDLQO\ IRFXVHG RQ VKRUWHQLQJ
GHYHORSPHQWWLPHVDQGVWUHDPOLQLQJSURGXFWLRQSURFHVVHVWKH




NQRZOHGJH >@ ,Q UHFHQW \HDUV UDPSXS PDQDJHPHQW KDV
EHFRPHDPDMRUFRPSHWLWLYHIDFWRUEXWWKHUHLVVWLOODQXUJHQW
QHHG IRU LPSURYHPHQW LQ PDQ\ VHFWRUV )RU DXWRPRWLYH DQG
UHODWHG LQGXVWULHV LQ SDUWLFXODU WKLV KDV EHHQ FRQILUPHG E\
H[WHQVLYHUHVHDUFKVWXGLHV>@
7KH FXUUHQW VWDWH RI UHVHDUFK LQ UDPSXS PDQDJHPHQW
FRQVLVWV RI QXPHURXV VFLHQWLILF DSSURDFKHV ZKHUHE\ PRVW
ZRUNVDUHUDWKHUWKHRUHWLFDOIRFXVRQVSHFLILFLQGXVWULHVRURQO\
FRYHU VLQJOH VXEILHOGV RI UDPSXS PDQDJHPHQW 5HOHYDQW
VWXGLHV H[LVW IRU LQVWDQFH FRQFHUQLQJ WKH PDWKHPDWLFDO
GHVFULSWLRQ RI OHDUQLQJ FXUYHV WKH WDUJHWHG XWLOL]DWLRQ RI
OHDUQLQJHIIHFWVGXULQJUDPSXSRUDQDO\WLFDOPRGHOLQJRIWKH








WR WDNH D KROLVWLF DQG SUDFWLFHRULHQWHG YLHZ RQ WKH WRSLF RI
UDPSXS PDQDJHPHQW EXW WKLV OLNH PRVW RWKHU ZRUNV
VSHFLILFDOO\ WDUJHWV WKH DXWRPRWLYH DQG DXWRPRWLYH VXSSOLHU
LQGXVWULHV )XUWKHU LQGXVWU\VSHFLILF UHVHDUFK FRQFHQWUDWHV RQ




+LJK GHJUHHV RI PDUNHW YRODWLOLW\ DV ZHOO DV LQFUHDVLQJ




SURGXFLQJ FRPSDQLHV DVZHOO >@6HULRXV HYHQWV VXFK DV WKH
ODVWILQDQFLDOFULVLVRUWKHHQYLURQPHQWDOGLVDVWHUVLQ$VLDMXVW
WRQDPHWZRVKRZHGLPSUHVVLYHO\KRZWRGD\¶VKLJKGHJUHHRI
JOREDO FURVVOLQNLQJ HQKDQFHV VFDOH DQG VFRSH RI H[WHUQDOO\
WULJJHUHGEXVLQHVVLPSDFWV>@0RUHRYHUWKHDFWXDOWLPHXQWLO
DQ H[WHUQDO LPSDFW HIIHFWV EXVLQHVV LQ D QRWLFHDEOH ZD\
FRQWLQXHV WR GHFUHDVH7KLVPHDQV FRPSDQLHV DUH IRUFHG QRW
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7DUJHWLQJ WKH DERYHPHQWLRQHG FKDOOHQJHV VFLHQWLILF
OLWHUDWXUHSURYLGHVGLIIHUHQWDSSURDFKHVRQKRZWRUHDFWWRWKH
G\QDPLF HQYLURQPHQW IURP D FRPSDQ\¶V SRLQW RI YLHZ
:KHUHDVWKHFRQFHSWRIIOH[LELOLW\LVWKHPRVWZLGHO\GLVFXVVHG
DQG PDLQO\ IRFXVHV RQ WKH JHQHUDO DELOLW\ WR FKDQJH DORQJ
GLIIHUHQWGLPHQVLRQVZLWK WKH ORZHVWSRVVLEOHHIIRUW >@ WKH
FRQFHSW RI WUDQVIRUPDELOLW\ JRHV EH\RQG WKLV WDNLQJ
DSSURSULDWH FDSDFLW\ LQYHVWPHQWV RI GLIIHUHQW NLQGV LQWR
DFFRXQW >@ $QRWKHU DSSURDFK ZKLFK EHFDPH LQFUHDVLQJO\
SRSXODULQVFLHQFHDVZHOODVLQSUDFWLFHLVDJLOLW\7KHFRQFHSW
ILUVW DSSHDUHG LQ OLWHUDWXUH LQ WKH HDUO\ V EXW KDV EHHQ
LQWHUSUHWHG LQ GLIIHUHQW ZD\V (DUO\ SXEOLFDWLRQV IRFXV RQ
JHQHUDO UHTXLUHPHQWV LQ RUGHU WR PDVWHU FKDQJH ZLWKLQ DQ
XQFHUWDLQ HQYLURQPHQW >@ DQG VXEVWDQWLDWH WKH QHFHVVLW\ RI
IDVWUHVSRQVHLQFDVHRIFKDQJLQJFXVWRPHUQHHGVDQGYRODWLOH
PDUNHWV >@ 2WKHU DXWKRUV DUJXH WKDW DJLOLW\ QRW RQO\
UHTXLUHV VSHHGEXW DOVRPDVVLYH DGMXVWPHQWV LQ VWUXFWXUH DQG
LQIUDVWUXFWXUHHJWKHLQWHJUDWLRQRIUHFRQILJXUDEOHUHVRXUFHV
>@DVZHOODVWKHDELOLW\WRFRQVWDQWO\VFUHHQWKHVXUURXQGLQJ
HQYLURQPHQW IRU UHOHYDQW FKDQJHV >@ $ PRUH RSHUDWLRQDO
DSSURDFK LV SUHVHQWHG LQ >@ DQG XQGHUOLQHV WKDW DQ DJLOH





ZKHQH[DPLQLQJZD\VRI UHDFWLQJ WR FKDQJHV ,WEXLOGVXSRQ
HDUOLHUDJLOLW\UHVHDUFKEXWDUJXHVWKDWDJLOLW\VKRXOGIRFXVRQ
ERWK ULVN DQG FKDQFHV LQ RUGHU WR RSWLPL]H WKH HFRQRPLF
RXWFRPHRIDFRPSDQ\'LIIHUHQWFKDUDFWHULVWLFVDUHLGHQWLILHG
ZKLFKQHHGWREHDGGUHVVHGE\DJLOHFRPSDQLHV7KH\FDQEH







FRUSRUDWH DJLOLW\ V\VWHP ZKLFK GHVFULEHV KRZ DQ DJLOH
FRPSDQ\ VKRXOG RSHUDWH LQ WKH YRODWLOH ZRUOG DQG WKHUHE\
GHOLYHU LQFUHDVHGHFRQRPLF VXFFHVV )LJ7KLVFRQFHSWXDO







:KHUHDV FRQWURO RQ D VWUDWHJLF OHYHO FDQ EH VHHQ DV DQ
DGMXVWPHQW RI WKH FRPSDQ\¶V VWUDWHJ\ LWVHOI LWV EXVLQHVV
REMHFWLYHV RU MXVW WKH EXGJHW FDQ EH WDNHQ LQWR DFFRXQW RU
RSHUDWLRQDO FRQWURO FDQ EH XVHG WR DGGUHVV WKH DFWLYDWLRQ RI
VSHFLILF DJLOLW\ OHYHUV IURP GLIIHUHQW OHYHU FDWHJRULHV:KHQ
DFWLYDWHG WKHVH OHYHUV GLUHFWO\ FRQWULEXWH WR D IDVW
LPSOHPHQWDWLRQRIWKHGHWHUPLQHGVWUDWHJLFDFWLRQV
5DPSXSPDQDJHPHQW DVGHVFULEHG LQ VHFWLRQ  FDQEH
FRQVLGHUHGDVDPDLQOHYHUIRUWKHLPSURYHPHQWRIDFRPSDQ\¶V
DJLOLW\ HVSHFLDOO\ZKHQ LQWURGXFLQJQHZSURGXFWV WRYRODWLOH
PDUNHWV DQG WDUJHWLQJ HYHU VKRUWHU UDPSXS WLPHV EHVLGHV
XQFHUWDLQ FXVWRPHU EHKDYLRU :KLOVW H[WHUQDO LPSDFWV IRUFH
SURFHVVRULHQWHG FRPSDQLHV WR UHWKLQN WKHLU RSHUDWLRQV DQG




PHWDOOXUJ\ LQGXVWU\ VKRZHG WKDW WKHUH LV DQ XUJHQW QHHG IRU
LPSURYHPHQW LQ WKH ILHOG RI UDPSXSPDQDJHPHQW LQ K\EULG
LQGXVWULHV )RU VXFK ILUPV WKH PDQDJHPHQW RI SURGXFWLRQ
UDPSXSVLVFRQVLGHUHGWREHDPDMRUIXWXUHFKDOOHQJHEXWGXH
WR LQGXVWU\VSHFLILF UHTXLUHPHQWV H[LVWLQJ UDPSXS
PDQDJHPHQW FRQFHSWV FDQ EDUHO\ EH LPSOHPHQWHG ,Q IDFW
GXULQJDSUDFWLFHRULHQWHGSUHVWXG\LWEHFDPHFOHDUWKDWIRFXV
)LJ5DPSXSPDQDJHPHQWDVDQLPSRUWDQWRSHUDWLRQDOOHYHUZLWKLQWKHFRUSRUDWHDJLOLW\V\VWHPEDVHGRQ>@
88   Martin Kremsmayr et al. /  Procedia CIRP  51 ( 2016 )  85 – 92 
DV ZHOO DV RYHUDOO JRDOV DQG DVVRFLDWHG UHTXLUHPHQWV GXULQJ
UDPSXSSHULRGGLIIHU IXQGDPHQWDOO\ IURP LQGXVWULHV VXFK DV
WKHDXWRPRWLYHLQGXVWU\7KHKLJKGHJUHHRIYHUWLFDOLQWHJUDWLRQ
DV ZHOO DV FRPSOH[ LQWHUGHSHQGHQFLHV EHWZHHQ FXWWLQJHGJH
SURFHVVLQJWHFKQRORJLHVFRXOGEHLGHQWLILHGDVWKHPDLQUHDVRQV
IRUWKLVFIVHFWLRQ,QDGGLWLRQWRWKHSURGXFWLRQUHODWHG
GLIIHUHQFHV GXH WR WKH VSHFLDO ILHOG RI DFWLYLW\ VLJQLILFDQW
FKDQJHV LQPDUNHW DQG FXVWRPHUEHKDYLRU UHTXLUH FRPSDQLHV




VWDEOHSURGXFWLRQ ,Q WHUPVRI UDPSXSPDQDJHPHQW WKLVQRW
RQO\UHTXLUHVEHLQJIDVWHUDQGPRUHHIILFLHQWEXWDOVRSUHSDULQJ
SURDFWLYHO\ IRU XQIRUHVHHQ RFFXUUHQFHV GXULQJ WKLV FUXFLDO
SHULRG +HUH D FRQVLGHUDWLRQ RI WKH PDLQ DJLOLW\ SULQFLSOHV
PHQWLRQHG LQ VHFWLRQ  LV VHHQ DV D SURPLVLQJSDWK WRZDUG
SURJUHVV
7KHUHIRUHWKHVWDWHGQHHGIRUUHVHDUFKFDQEHVXPPDUL]HG
DV IROORZV )LUVW FXUUHQW DSSURDFKHV LQ WKH ILHOG RI UDPSXS
PDQDJHPHQW PDLQO\ H[LVW IRU GLVFUHWH PDQXIDFWXULQJ DQG
DVVHPEO\ LQGXVWULHV &RPSDQLHV LQ K\EULG LQGXVWULHV ZKLFK
SURGXFHDORQJDKLJKO\ LQWHJUDWHGDQGSURFHVVRULHQWHGYDOXH
FKDLQ ODFN D VFLHQWLILFDOO\ VRXQG EXW SUDFWLFDEOH UDPSXS
PDQDJHPHQW DSSURDFK 6HFRQG DQ LQFUHDVLQJO\ YRODWLOH DQG
XQFHUWDLQ HQYLURQPHQW SRVHV QHZ FKDOOHQJHV WR LQGXVWULDO
FRPSDQLHV LQ SDUWLFXODU ZKHQ LW FRPHV WR PRYLQJ QHZ
SURGXFWV IURP WKH GHYHORSPHQW VWDJH LQWR VWDEOH SURGXFWLRQ
7KHFRQFHSWRIDJLOLW\DLPVWRFRXQWHUWKHVHFKDOOHQJHVEXWWKH
FUXFLDO OLQNDJH WR UDPSXS PDQDJHPHQW KDV QRW \HW EHHQ
LQYHVWLJDWHGLQDKROLVWLFPDQQHU$JLOHDVSHFWVKDYHRQO\EHHQ
WUDQVIHUUHG WR UDPSXS PDQDJHPHQW ZLWK OLPLWHG IRFXV RQ
FHUWDLQ PHWKRGV VXFK DV WKH 6FUXP PHWKRG IURP VRIWZDUH
GHYHORSPHQWFI>@
3. Research setup and objectives 
5HVHDUFKILQGLQJVSUHVHQWHGLQWKLVSDSHUDUH LQLWLDOUHVXOWV
IURP D SUDFWLFHRULHQWHG UHVHDUFK SURMHFW $ ILUVW SUHVWXG\











7KH PDLQ JRDO RI WKH UHVHDUFK SURMHFW LV WR GHYHORS DQG
LPSOHPHQW D SUDFWLFDEOH PDQDJHPHQW DSSURDFK IRU DJLOH
SURGXFWLRQ UDPSXSV LQ SURFHVVRULHQWHG LQGXVWULHV VXFK DV
SRZGHUPHWDOOXUJ\ DQG VLPLODU K\EULG LQGXVWULHV'XULQJ WKH
SURMHFW DQ LQWHQVLYHH[FKDQJHEHWZHHQ WKH LQGXVWULDOSDUWQHU
DQGWKHUHVHDUFKLQVWLWXWLRQHQVXUHVDVFLHQWLILFEDVLVDVZHOODV
SUDFWLFDO DSSOLFDELOLW\ 7KHUHIRUH VHYHUDO LWHUDWLRQ ORRSV DUH
SODQQHG EHWZHHQ WKHRUHWLFDO PRGHO FRQFHSWLRQ DQG SUDFWLFDO
WU\RXWV7KHUHVXOWH[SHFWHG LVDQHZPDQDJHPHQWDSSURDFK
ZKLFK FRQVLGHUV VSHFLILF UHTXLUHPHQWV RI FRPSDQLHV LQ WKH
REVHUYHG LQGXVWU\ DQG DLPV WR EH VFDODEOH WR FRPSDUDEOH
LQGXVWULHV7KH WDUJHWHG LQGXVWU\ LV H[SODLQHG LQGHWDLO LQ WKH
IROORZLQJVHFWLRQDQGWKHPDLQFKDOOHQJHVLQWKHILHOGRIUDPS
XSPDQDJHPHQWDUHSRLQWHGRXW
4. Ramp-up management in high-end powder metallurgy 
industry  
'HWDLOHG LQYHVWLJDWLRQV KDYH EHHQ PDGH LQ D FRPSDQ\
SURGXFLQJ KLJKSHUIRUPDQFH PDWHULDOV XVLQJ FXWWLQJ HGJH
SURFHVV DQG PDQXIDFWXULQJ WHFKQLTXHV VWDUWLQJ IURP SRZGHU
ULJKW WKURXJK WR VSHFLDOL]HG HQGSURGXFWV %HFDXVH RI LWV









LQ ZKLFK PRVWO\ PHWDOOLF SRZGHU LV SURFHVVHG LQWR SDUWV RU
VSHFLDOPDWHULDOV7KHUHIRUH WKHFKDUDFWHULVWLF KHDW WUHDWPHQW
SURFHVVRI VLQWHULQJ LVXVHGDQG IROORZHGE\ IXUWKHURSWLRQDO
PDFKLQLQJDQGILQLVKLQJSURFHGXUHV7KHDUHDVRIDSSOLFDWLRQ




SRZGHU PHWDOOXUJ\ LQGXVWU\ ,W LV D ZRUOG OHDGHU LQ WKH
SURGXFWLRQ RI SRZGHU PHWDOOXUJLFDO PDWHULDOV IRU KLJKWHFK
DSSOLFDWLRQVLQYDULRXVLQGXVWULHVDQGWKHUHE\FRYHUVWKHZKROH
YDOXHDGGHG FKDLQ IURP SRZGHU WR KLJKO\ FXVWRPL]HG HQG
SURGXFWV )LJ  LOOXVWUDWHV WKH PDLQ SURFHVV VWHSV LQ WKH
SURGXFWLRQ RI VXFK SURGXFWV ZKHUHDV WKH VWHSV  VKRZ
W\SLFDO FKDUDFWHULVWLFV RI SURFHVV PDQXIDFWXULQJ DQG DUH







VHTXHQFHG SURFHVV VWHSV KDV WR EH KDQGOHG ZKHUHE\ HYHQ
VPDOOHVW FKDQJHV PD\ KDYH VLJQLILFDQW LPSDFW RQ SURFHVV
VWDELOLW\RUHYHQMHRSDUGL]HRYHUDOOIHDVLELOLW\+HUHWKH+(3
LQGXVWU\ GLIIHUV IXQGDPHQWDOO\ IURP GLVFUHWH PDQXIDFWXULQJ
LQGXVWULHV VXFK DV WKH DXWRPRWLYH LQGXVWU\ %H\RQG WKDW
SUDFWLFDO LQVLJKWV VKRZHG IXUWKHU LQGXVWU\UHODWHGGLVWLQFWLRQV
)LJ9DOXHDGGHGFKDLQLQ+(3LQGXVWU\






























































IXOO\ LQWHJUDWHG DQG WHFKQRORJLFDOO\ GHPDQGLQJ YDOXHDGGHG
FKDLQ FDQ EH FRQVLGHUHG DV WKH PDLQ FKDUDFWHULVWLFV RI +(3
LQGXVWU\ 7KLV FKDUDFWHULVWLF LQHYLWDEO\ OHDGV WR LQGLYLGXDO
FKDOOHQJHVLQRSHUDWLRQVJHQHUDOO\EXWLQSDUWLFXODULQWKHILHOG









x Production complexity: $V FXVWRPHUV WHQG WR EH PRUH
GLVFHUQLQJ DQG SURGXFW UHTXLUHPHQWV DUH VWHDGLO\
LQFUHDVLQJSURGXFWLRQFRPSOH[LW\LQ WKH+(3LQGXVWU\LV




QHHG WREH LQWHJUDWHG LQWRRQJRLQJSURGXFWLRQGHVSLWHRI
YHU\ OLPLWHG UHVRXUFHV 0RUHRYHU WKH WHFKQLFDOO\
VRSKLVWLFDWHG SURFHVV FKDLQ LV KLJKO\ LQWHUGHSHQGHQW DQG
HYHQPLQRUQRYHOW\LQSURGXFWRUSURFHVVGHVLJQPD\FDXVH
VHULRXV WXUEXOHQFHV WKURXJKRXW WKH SURGXFWLRQ V\VWHP
&RQFHUQLQJWKHWDVNVRISURGXFWLRQSODQQLQJDQGFRQWURO
WKHPDQDJHPHQWRIVHYHUDOUDPSXSSURMHFWVLQSDUDOOHOLV
EHFRPLQJ LQFUHDVLQJO\ LPSRUWDQW 7KLV UHTXLUHV
WUDQVSDUHQWSULRULWL]DWLRQFULWHULDZKLFKQRWRQO\FRQVLGHU
LQWHUQDO DVSHFWV VXFK DV SURFHVV PDWXULW\ DQG DYDLODEOH
UHVRXUFHV EXW DOVR LQFOXGH WKH DFWXDO XUJHQF\ IURP D
FXVWRPHUDQGPDUNHWSRLQWRIYLHZ)XUWKHUPRUHUDPSXS
SURMHFWV KDYH WR EH GLVWLQJXLVKHG UHJDUGLQJ W\SH DQG
RUJDQL]DWLRQ RI PDQXIDFWXULQJ &RQFHUQLQJ W\SH WKLV
PHDQVWKDWSURGXFWLRQYROXPHFDQYDU\IURPFXVWRPL]HG
RQHRII SURGXFWLRQ WR EDWFK RU HYHQ VHULHV SURGXFWLRQ
%HDULQJWKLVLQPLQGHIILFLHQWPDQXIDFWXULQJRUJDQL]DWLRQ
KDV WR EH VHW XS ZKLFK LQ PRVW FDVHV LV ZRUNVKRS
SURGXFWLRQ EXW FDQ DOVR EH OLQH SURGXFWLRQ IRU SURGXFWV




x Demand uncertainty: ,QFUHDVLQJ PDUNHW YRODWLOLW\ DQG
GHPDQGXQFHUWDLQW\DVPHQWLRQHGLQVHFWLRQDUHDOVR
PDMRU WRSLFV WKDW HQWDLO QHZ FKDOOHQJHV FRQFHUQLQJ
FXVWRPHUUHODWLRQVDQGVDOHVEXWDOVRSURGXFWGHYHORSPHQW
DQGSURGXFWLRQUDPSXS,QWKHSDVWORQJODVWLQJDQGFORVH
FXVWRPHU UHODWLRQVKLSVZHUHEXLOW XSRYHU D ORQJSHULRG
EXWEXVLQHVVWRGD\KDVVWDUWHGVKLIWLQJWRZDUGVVKRUWWHUP
RUGHUVDQGKLJKO\FRPSHWLWLYHPDUNHWRSSRUWXQLWLHV7KLV






VWURQJ PDUNHW RULHQWDWLRQ LQ WKH ILHOG RI UDPSXS
PDQDJHPHQWLVDOVRUHTXLUHG
x Resource availability: $ORQJ WKHSURGXFWLRQURXWHRI WKH
+(3 LQGXVWU\ YHU\ UDUH FRPPRGLWLHV DUH SURFHVVHG LQWR
KLJK SHUIRUPDQFH PDWHULDOV IRU VSHFLDO DSSOLFDWLRQV LQ
KLJKWHFK LQGXVWULHV 7KHUHIRUH UHVRXUFH SURGXFWLYLW\
SOD\VDPDMRUUROHLQERWKUDZPDWHULDOXVDJHDQGFDSDFLW\
XWLOL]DWLRQ RI OLPLWHG SURGXFWLRQ DVVHWV 7KLV VLWXDWLRQ LV
PDGHPRUHGLIILFXOWE\WKHIDFWWKDWRXWVRXUFLQJLQJHQHUDO
LV QRW DQ RSWLRQ IRU WZR UHDVRQV )LUVW DQG IRUHPRVW
RXWVRXUFLQJLQGLYLGXDOPDQXIDFWXULQJVWHSVLVQRWSRVVLEOH
LQ WKH PDMRULW\ RI FDVHV EHFDXVH RI D ODFN RI WHFKQLFDO






HVSHFLDOO\ IRU FRPSDQLHV LQ KLJKWHFK VHFWRUV )XUWKHU
FKDOOHQJHV ZKLFK GHULYH IURP WKH KLJK FRPPRGLW\
GHSHQGHQFH DUH WKH GLUHFW LPSDFW RI UDZ PDWHULDO SULFH
IOXFWXDWLRQVDVZHOODVRYHUDOOUDZPDWHULDODYDLODELOLW\DQG
VXSSO\FKDLQVWDELOLW\
x Competitive pressure: ,Q UHFHQW \HDUV FRPSHWLWLYH
SUHVVXUHLQWKHEUDQFKRIKLJKHQGSRZGHUPHWDOOXUJ\KDV
LQFUHDVHG FRQVWDQWO\ :KHUHDV LQ WKH SDVW WKH PDLQ
FRPSHWLWLYH DGYDQWDJH FRXOG EH DFKLHYHG E\ GHOLYHULQJ
SURGXFWV ZLWK WKH KLJKHVW TXDOLW\ DQG XQLTXH SURGXFW
SURSHUWLHVWRGD\¶VKLJKO\G\QDPLFPDUNHWVWHQGWRIRFXV
RQ JXDUDQWHHG GHOLYHU\ DYDLODELOLW\ DQG IDVWHVW
UHVSRQVLYHQHVV WRFKDQJHGGHPDQGVLWXDWLRQV7KLV LV LQ
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SDUWLFXODU ZKHQ UHIHUULQJ WR WKH LQWURGXFWLRQ RI QHZO\
GHYHORSHGSURGXFWVZKHUHWKHFUXFLDOOLQNEHWZHHQDJLOLW\
DQG UDPSXSPDQDJHPHQW KDV WR EH WDNHQ LQWR DFFRXQW
%HLQJ DEOH WRPDQDJH DJLOHSURGXFWLRQ UDPSXSV FDQEH
FRQVLGHUHGDPDLQOHYHUIRUVHFXULQJDOHDGLQJSRVLWLRQDQG
PDVWHULQJIXWXUHFKDOOHQJHVLQWKH+(3LQGXVWU\
7KH FKDOOHQJHV GHVFULEHG DERYH DUH TXLWH GLIIHUHQW IURP








LQFUHDVHG DJLOLW\ GXULQJ WKLV SHULRG 0RUHRYHU SURGXFWLRQ
LQVWDOODWLRQVDUHPRVWO\FXVWRPL]HGDQGKLJKO\H[SHQVLYH/RQJ
OHDG WLPHV KDYH WR EH WDNHQ LQWR DFFRXQW DQG D ULJRURXV
SODQQLQJRIDVVHWUHODWHG LQYHVWPHQWGHFLVLRQV LVHVVHQWLDO ,Q
SUDFWLFHWKHLQYHVWPHQWGHFLVLRQSURFHVVRIWHQWDNHVORQJHUWKDQ
H[SHFWHGZKLFK JRHV DJDLQVW WKH DJLOLW\SULQFLSOHRI UHDFWLQJ
IDVW LQFDVHRI XQIRUHVHHQGHPDQGFKDQJHV7KHH[HPSODULO\
PHQWLRQHGEDUULHUV LQGLFDWH FOHDUO\ WKDW DQ DSSURDFK WRZDUGV
DJLOHUDPSXSVLQ+(3LQGXVWU\KDVWREXLOGXSRQYHU\VSHFLILF
LQVWDQFHVDQGDSUDFWLFDEOHPDQDJHPHQWFRQFHSWKDVWRIRFXV
RQ D GHHS FRQVLGHUDWLRQ RI WKH PHQWLRQHG LQGXVWU\
FKDUDFWHULVWLFV
5. Towards a management approach for agile production 
ramp-ups in HEP and comparable hybrid industries 
,Q RUGHU WR FRXQWHUDFW WKH VSHFLILF FKDOOHQJHV RI UDPSXS
PDQDJHPHQW LQ K\EULG LQGXVWULHV VXFK DV LQ +(3 DQ
DSSOLFDWLRQ RI WKH PDLQ DJLOLW\ SULQFLSOHV RI SURDFWLYLW\











,QYHVWLJDWLRQV LQ WKH +(3 LQGXVWU\ VKRZHG WKDW WKHUH DUH
YDULRXVUHTXLUHPHQWVIRUDUDPSXSPDQDJHPHQWDSSURDFKRQ
D VWUDWHJLF DVZHOO DVRQ DQ RSHUDWLRQDO OHYHO2QD VWUDWHJLF
OHYHO IRU LQVWDQFH WKH VHDPOHVV LQWHJUDELOLW\ LQWRDQH[LVWLQJ
HQYLURQPHQWKDVKLJKHVWSULRULW\7KLVPHDQVWKDWVXFKDQHZ
DSSURDFKKDVWRFRUUHVSRQGWRWKHFRPSDQ\¶VRYHUDOOVWUDWHJLF
REMHFWLYHV EXW DOVR QHHGV WR EH DOLJQHGZLWK RWKHU FRUSRUDWH





FRPSUHKHQVLYH UDPSXS PDQDJHPHQW WRROER[ LV VHHQ DV DQ
HVVHQWLDOVWHS,QWKHFDVHRIWKH+(3LQGXVWU\VXFKDWRROER[
VKRXOG FRQWDLQ VSHFLILF LQVWUXPHQWV VXFK DV WRROV IRU
FDWHJRUL]DWLRQ SULRULWL]DWLRQ DQG UDPSXS SODQQLQJ EXW DOVR






SURGXFWLRQ SURFHVV WKH DSSURDFK VKDOO JXLGH UHOHYDQW
FRPSDQLHVWKURXJKWKHVHWXSRIDJLOHUDPSXSVRQDEUDQFK
DQG SURGXFW VSHFLILF OHYHO $JLOLW\ SULQFLSOHV DUH FRQVLGHUHG
HYHQLQHDUO\VWDJHVRIUDPSXSSODQQLQJLQRUGHUWRHQDEOHWKH
GHILQLWLRQ RI YDULRXV IXWXUH VFHQDULRV 7KH UDPSXS
PDQDJHPHQWDSSURDFKZLOOFRQWULEXWHDQLPSRUWDQWOHYHUWRWKH
FDWHJRU\RIDJLOHRSHUDWLRQVZLWKLQWKHFRUSRUDWHDJLOLW\V\VWHP






XSV UHIHUV WR WKH SULQFLSOH RI SURDFWLYLW\ 7KLV PHDQV WKDW D
SURDFWLYH FRQVLGHUDWLRQ RI SRVVLEOH VFHQDULRV DQG IXWXUH
GHYHORSPHQWV DV ZHOO DV WKHLU HIIHFWV RQ D UDPSXS SURMHFW
VKRXOGEHFRQVLGHUHGGXULQJLQLWLDOSKDVHVRIUDPSXSSODQQLQJ
,GHDOO\ WKLV DOUHDG\ KDSSHQV LQ HDUO\ VWDJHV RI WKH SURGXFW
LQQRYDWLRQDQGGHYHORSPHQWSURFHVV7KHUHIRUHFULWLFDOUDPS
XS WDVNV DQG GHFLVLRQV KDYH WR EH SUHVFKHGXOHG LQ RUGHU WR




7KH VHFRQG FULWHULRQ IRU DJLOH UDPSXSV LV DQ LQFUHDVHG
UDSLGLW\ RI SURFHVV H[HFXWLRQ 7KLV GLUHFWO\ UHVXOWV LQ DQ
DFFHOHUDWLRQRIWKHXSVFDOLQJSKDVHDQGFDQEHLOOXVWUDWHGE\D
VWHHSHUUDPSXSFXUYH7RDFKLHYHWKLVDWUDQVSDUHQWGHFLVLRQ
PDNLQJSURFHVVKDV WREHVHWXS LQRUGHU WRHQVXUHGHGLFDWHG
UHVSRQVLELOLWLHVRQDQRSHUDWLRQDOOHYHO0RUHRYHUDV\VWHPDWLF
VWUHDPOLQLQJRIWKHPDMRUUDPSXSSURFHVVHVFDQEHFRQVLGHUHG
HVVHQWLDO 7KLV HQVXUHV WKDW XQQHFHVVDU\ SURFHVV VWHSV DQG
LWHUDWLRQ ORRSV DUH LGHQWLILHG DQG HLWKHU DGDSWHG RU GHOHWHG
HQWLUHO\$V LQGXVWULDO SUDFWLFH LQ WKH+(3 LQGXVWU\ VKRZV D



















IDVW DV SRVVLEOH2QH H[DPSOH FRXOG EH XQIRUHVHHQ WHFKQLFDO
FKDOOHQJHVWKDWDIIHFWVFDODELOLW\RUSURFHVVUREXVWQHVV7KXVLW
LVQHFHVVDU\WRLPSOHPHQWHIIHFWLYHUHFRYHU\SURFHVVHVZKLFK
LQFOXGH QRW RQO\ WKH DSSURSULDWH WHFKQLFDOPHDVXUHV EXW DOVR
RUJDQL]DWLRQDOPHDVXUHV
 7RZDUGVDUDPSXSUHDGLQHVVDVVHVVPHQWWRRO
,Q WKH +(3 LQGXVWU\ D VXFFHVVIXO UDPSXS UHTXLUHV WKH
KLJKHVWWUDQVSDUHQF\FRQFHUQLQJSURFHVVPDWXULW\DWDOOVWDJHV
RISURGXFWLRQ7KHUHIRUHLWLVFUXFLDOWRKDYHHDUO\DQGUHOLDEOH
LQIRUPDWLRQ RQ FULWLFDO SURFHVV VWHSV WKDW SRWHQWLDOO\ FDXVH
GLIILFXOWLHV GXULQJ WKH UDPSXS SKDVH ,Q PDQ\ EUDQFKHV
VWDQGDUGL]HG WHFKQRORJ\ DQG PDQXIDFWXULQJ UHDGLQHVV OHYHOV
75/ DQG05/ DUH XVHG WR HYDOXDWH WKHPDWXULW\ RI QHZO\
GHYHORSHG WHFKQRORJLHV DQG WKHLU PDQXIDFWXUDELOLW\ 7KHVH
FRQFHSWVDUHWDNHQDVDEDVLVIRUWKHGHYHORSPHQWRIDUDPSXS
UHDGLQHVV DVVHVVPHQW WRRO 7KH QHZ WRRO DLPV WR VXSSRUW D
V\VWHPDWLF LGHQWLILFDWLRQ RI FULWLFDO PDQXIDFWXULQJ VWHSV DQG
WKHUHE\WDNHVDKROLVWLFYLHZRIWKHHQWLUHYDOXHDGGHGFKDLQ
7KXVWKHZHOONQRZQ75/05/PHWKRGLVGHYHORSHGIXUWKHU






 VFDOHVRI WKH75/05/FRQFHSWV DQG UHVXOWV LQ D KROLVWLF
³UDPSXSKHDWPDS´ZKLFKSURYLGHVDFRPSUHKHQVLYHRYHUYLHZ
RIWKHRYHUDOOPDWXULW\DQGWKHSURJUHVVRIDFHUWDLQUDPSXS
SURMHFW 7KH EHQHILWV RI XVLQJ VXFK DQ DSSURDFK DUH ZLGH
UDQJLQJ 6WDWHPHQWV RQ WKH SRWHQWLDO WR XSVFDOH WR GLIIHUHQW
SHUIRUPDQFH OHYHOV FDQ EH PDGH DW DQ HDUO\ VWDJH DQG
XQIRUHVHHQ TXDOLW\ LVVXHV FDQ EH PLWLJDWHG 0RUHRYHU LW
HQDEOHV SUHGLFWLRQV WR EH PDGH DERXW SURILWDELOLW\ DQG WKH
DFWXDOUDPSXSWLPHQHHGHG
6. Summary and Outlook 
7KLVSDSHUIRFXVHVRQWKHDSSOLFDWLRQRIDJLOLW\SULQFLSOHVLQ
UDPSXSPDQDJHPHQWIRUSURFHVVRULHQWHGLQGXVWULHV%DVHGRQ
D UHYLHZ RI UHOHYDQW OLWHUDWXUH LW LV VKRZQ WKDW VFLHQWLILF
DSSURDFKHVLQWKHILHOGRIUDPSXSPDQDJHPHQWPDLQO\DGGUHVV
FHUWDLQ EUDQFKHV VXFK DV WKH DXWRPRWLYH LQGXVWU\ DQG
FRPSDUDEOHLQGXVWULHV0RUHRYHULWLVSRLQWHGRXWWKDWLQUDPS
XS UHVHDUFK LQVXIILFLHQW HPSKDVLV KDV EHHQ SODFHG RQ
DSSURSULDWH PHDVXUHV IRU UHVSRQGLQJ WR LQFUHDVLQJO\ YRODWLOH
PDUNHW FRQGLWLRQV 7KHUHIRUH UHVXOWV IURP D SUDFWLFDO
LQYHVWLJDWLRQ ZLWKLQ WKH K\EULG LQGXVWU\ RI KLJKHQG SRZGHU
PHWDOOXUJ\ +(3 DUH SUHVHQWHG DQG XQGHUOLQH WKH VSHFLILF
FKDOOHQJHVLQVXFKSURFHVVRULHQWHGLQGXVWULHV7KHVHILQGLQJV
FRQVWLWXWHWKHEDVLVIRUWKHGHULYDWLRQRIJHQHUDOUHTXLUHPHQWV
IRU D IXWXUH UDPSXS PDQDJHPHQW DSSURDFK DV ZHOO DV IRXU
FULWHULDIRUDJLOHSURGXFWLRQUDPSXSVZKLFKKDYHWREHWDNHQ
LQWRFRQVLGHUDWLRQGXULQJLWVGHYHORSPHQW&RQVHTXHQWO\DJLOH
UDPSXSV DUH FKDUDFWHUL]HG E\ SURDFWLYH SUHSDUDWLRQ DQ
DFFHOHUDWHGXSVFDOLQJSKDVHIOH[LEOHFDSDFLW\DGMXVWPHQWDQGD
UDSLG UHVSRQVH WR XQIRUHVHHQ FKDQJHV )XUWKHUPRUH WKH
FRQFHSWIRUDUDPSXSUHDGLQHVVDVVHVVPHQWWRROLVLQWURGXFHG
%DVHG RQ WKH SULQFLSOHV RI WHFKQRORJ\ DQG PDQXIDFWXULQJ
UHDGLQHVVOHYHOVLWDLPVWRLQFUHDVHWUDQVSDUHQF\DQGHIILFLHQF\
RIUDPSXSVLQWKH+(3LQGXVWU\7KLVWRROFDQEHFRQVLGHUHG
DV DQ LPSRUWDQW FRPSRQHQW RI WKH GHVLUHG PDQDJHPHQW
DSSURDFK
7KHLQLWLDOUHVXOWVVKRZQLQWKLVSDSHUIRUPWKHVWDUWLQJSRLQW
IRU WKH GHYHORSPHQW DQG LPSOHPHQWDWLRQ RI D VFLHQWLILFDOO\
VRXQG DQG SUDFWLFDEOH PDQDJHPHQW DSSURDFK IRU DJLOH
SURGXFWLRQ UDPSXSV LQ SURFHVVRULHQWHG LQGXVWULHV VXFK DV
KLJKHQGSRZGHUPHWDOOXUJ\
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